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We have developed an animal model of hyperammonemia consisting of feeding rats a diet containing 20% (w/w) ammo- 
nium acetate. Ingestion of this diet markedly affects carcass composition, with a 46% reduction i  lipid content. The am- 
monium diet alters levels of several key compounds involved in lipid metabolism. Long-chain acylcarnitine is increased 
in liver by approx. 60% while free carnitine and acetylcarnitine ar  unaffected. The hepatic ontent of acetyl-CoA increases 
by approx. 50%. The level of ketone bodies in blood increases by 32% but remains unchanged inliver. Our data indicate 
that hyperammonemia alters lipid metabolism and results in a significant decrease inbody lipid content. 
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1. INTRODUCTION 
We have recently developed an animal model of 
hyperammonemia consisting of feeding rats a diet 
containing 20070 (w/w) ammonium acetate [1-5]. 
Since rats fed on this diet gain less weight than 
those on a standard iet [1,5], it was of interest o 
ascertain body composit ion and organ weights in 
more detail. We show here that in hyperam- 
monemic rats the lipid content is reduced to about 
one half, suggesting an alteration in lipid 
metabol ism. We have therefore determined the 
levels of carnit ine and derivatives thereof, which 
play a key role in the regulation of lipid metabol ism 
[6]. We have also measured the hepatic content of 
acetyl-CoA, the final product of fatty acid oxida- 
t ion, and the hepatic and blood levels of ketone 
bodies. Our results indicate that hyperammonemia 
indeed markedly alters lipid metabolism. 
Correspondence address: S. Grisolia, Instituto de Investiga- 
ciones Citol6gicas de la Caja de Ahorros de Valencia, Centro 
Asociado de CSIC, Amadeo de Saboya, 4, 46010 Valencia, 
Spain 
2. MATERIALS  AND METHODS 
2.1. Animals and diets 
Male Wistar ats (150-200 g) were fed the ammonium diet [1] 
for 6 weeks. Control animals were fed the standard iet ad 
libitum and another group was pair-fed. Rats were killed by 
decapitation and livers immediately removed and freeze- 
clamped. 
2.2. Analysis of carcass composition 
The method used was based on that reported in [7]. First, the 
water content of the carcass was measured by lyophilization; 
then, after hydrolysis with HC1, lipids were extracted with 
chloroform/methanol (2 : 1) and quantified using a Boehringer 
Mannheim kit. The nitrogen content of the defatted extract was 
determined by the Kjeldahl method. 
2.3. Metabolite determinations 
Carnitines were determined as in [8]. Acetyl-CoA was 
measured fluorimetricaUy asin [9]. Ketone bodies were deter- 
mined as described [10], with NADH and NAD + formed being 
quantified fluorimetrically. 
3. RESULTS AND DISCUSSION 
We have recently described an easily reproduci- 
ble animal model of sustained hyperammonemia 
consisting of feeding rats an ammonium-con-  
taining diet [1-5]. It was previously shown that rats 
fed ammonia  eat less and gain less weight than 
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Fig. l .  Effect of  ingestion of  ammonium diet on body 
composition. Groups of 4 rats were fed standard or ammonium 
diet ad libitum for 6 weeks. Initial body weight was 189 + 19 g. 
Final carcass weights were 305 ± 18 and 235 ± 12 g for 
controls and ammonium-fed rats, respectively. Water, protein 
and lipids weights were 194 ± 9, 50 + 2 and 54 ± 6 g for 
controls and 150 ± 4, 52 ± 4and23 + 2g forammonium-fed 
rats. All differences were statistically significant (p_<0.001), 
except for water content, when expressed as percentage of 
carcass weight, and for total protein content. 
an imals  on  s tandard  diet  [5]. We have  now s tud ied  
in more  deta i l  the  ef fect  o f  th is  diet  on  body  com-  
pos i t ion  and  organ  weight .  We show here  ( f ig . l )  
that  ingest ion  o f  the  ammonium diet  p roduces  a 
dramat ic  change in body  compos i t ion .  The  water  
content  per  g carcass  remains  the  same as in con-  
t ro is .  However ,  the  l ip id content  per  g wet  wt is 
reduced to  about  one  ha l f  and  there fore  prote in  
content  per  g increases.  
As  shown in tab le  1, the  re lat ive weights  o f  
b ra in ,  l iver and  k idney  increase  s ign i f i cant ly ,  whi le  
that  o f  gast rocnemius  musc le  is una l te red ,  thus  in- 
d icat ing ,  in agreement  w i th  the marked  loss o f  
l ip ids,  that  the  decrease  in body  we ight  is due  main -  
ly to  a s t r i k ing  loss o f  ad ipose  t issue. 
Table 1 
Effect of ammonium ingestion on organ weights of rats 
Organ Weight (% of body) 
Control diet Ammonium diet 
Brain 0.52 _+ 0.07 0.61 + 0.10 a 
Liver 3.31 + 0.36 3.83 + 0.56 a 
Kidney 0.60 _+ 0.07 0.67 _+ 0.05 ~ 
Gastrocnemius 0.58 ± 0.04 0.57 + 0.04 
ap<0.02 
Rats were fed standard or ammonium diet ad libitum for 6 
weeks. Final body weights were 322 ± 28 and 260 _+ 20 g for 
rats in control and ammonium groups, respectively. Values are 
means + SD of 12 rats for each group 
Table 2 
Effect of ingestion of ammonium diet on carnitine and ketone 
bodies in blood 
Diet 
Ad libitum Pair-fed Ammonium 
Free carnitine 47 _+ 5 49 + 5 31 + 5 a 
Acetoacetate 59 + 13 51 _+ 15 121 + 13 a 
~-Hydroxybutyrate 91 + 10 108 ± 9 77 + l0 b 
a p_<0.001 vs both ad libitum and pair-fed controls 
b p<0.05 vs ad libitum and p_0.001 vs pair-fed controls 
Rats were fed ammonium diet for 6 weeks. Controls were fed 
standard iet ad libitum or pair-fed. Values (in/zM) are means 
+ SD of triplicate samples from 5 rats for each group 
We have  there fore  determined  the  levels o f  some 
o f  the  main  metabo l i tes  invo lved  in l ip id meta -  
bo l i sm in rats  fed s tandard  or  ammonium diet.  To  
d i scern  whether  the  ef fects  are  due  to  ammonia  or 
a consequence  o f  lower  food  in take ,  we have  also 
used  pa i r - fed  cont ro l s .  As  is the  case for  o ther  
hyperammonemias ,  b lood  carn i t ine  is decreased  by 
3407o in rats  fed the  'ammonium diet  ( tab le  2). In  
l iver,  whi le  free carn i t ine  and  acety lcarn i t ine  are 
not  a f fec ted ,  the  long-cha in  acy lcarn i t ine  is in-  
c reased  in hyperammonemic  rats  by  60-70°70 ( tab le  
3). Th is  ind icates  increased  t ranspor t  o f  long-cha in  
fa t ty  ac ids  to  mi tochondr ia  for  ox idat ion  to  pro-  
duce  acety l -CoA.  Indeed,  the  level o f  acety l -CoA is 
a lso  increased  by  47°70 ( tab le  3). These  resul ts  sug- 
gest that  in hyperammonemic  rats  increases  in the  
t ranspor t  o f  l ip ids in to  mi tochondr ia  and  in the 
Table 3 
Effect of ingestion of ammonium diet on carnitine, acetyl-CoA, 
and ketone bodies in liver 
Diet 
Ad libitum Pair-fed Ammonium 
Free carnitine 110 +_ 13 102 ± 12 109 _+ 8 
Acetylcarnitine 19 ± 2 19 :t: 3 17 + 2 
Long-chain 
acylcarnitine 12 _+ 1 11 ~ 1 19 + 2 ~ 
Acetyl-CoA 15 + 1 14 :1 :2  22 + 1 a 
Acetoacetate 78 + 19 82 ± 7 93 ± 17 
fl-Hydroxybutyrate 226 _+ 32 263 _+ 67 267 _+ 29 
a p--0.001 VS both ad libitum and pair-fed controls 
Rats were fed ammonium diet for 6 weeks. Controls were fed 
standard iet ad libitum or pair-fed. Metabolite determinations 
were carried out as described in section 2. Values (in nmol/g) are 
means ± SD of duplicate samples from 7 rats for each group 
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corresponding oxidat ion occur, leading to higher 
levels of  acety l -CoA.  The greater degree of  util iza- 
t ion of  l ipids is in agreement with the marked de- 
crease in l ipid content of  the body demonstrated by 
fig. 1. The excess of  acety l -CoA formed could be 
diverted to ketone bodies.  The level of  ketone 
bodies in the liver is not modi f ied (table 3), while in 
b lood  shows an increase of  32o7o (table 2). This sug- 
gests that in hyperammonemic  rats synthesis and 
export  o f  ketone bodies by the liver increase. These 
ketone bodies can be used as an energy source by 
other tissues, e.g. brain and heart. 
In conclusion, we have shown here that am- 
mon ium ingestion alters l ipid metabol ism and 
results in a signif icant decrease in body l ipid con- 
tent.  
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